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PROBLEM TO BE SOLVED: To provide a CPP type 
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SOLUTION: The magneto-resistive magnetic head has 
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the longitudinal bias magnetic field to the magneto- 
resistive element disposed in the both left and right end 
part sides of the magneto-resistive element. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused r>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] A magneto-resistive effect component, and the up gap member and lower gap member formed 
with the conductive ingredient which touches by each upper and lower sides of the above-mentioned 
magneto-resistive effect component, The up shielding member and lower shielding member which were 
formed in each of the above-mentioned up gap member and a lower gap member with the conductive 
ingredient which touches the above-mentioned magneto-resistive effect component side by the anti-body 
side, The magneto-resistive effect mold magnetic head which has an insulating bias impression layer for 
impressing a vertical bias field to the right-and-left both-ends side of the above-mentioned magneto- 
resistive effect component at this magneto-resistive effect component. 

[Claim 2] Said bias impression layer is the magneto-resistive effect mold magnetic head according to 
claim 1 characterized by what an insulating antiferromagnetism layer and the magnetic layer which 
touches this antiferromagnetism layer are included for. 

[Claim 3] Said antiferromagnetism layer is the magneto-resistive effect mold magnetic head according 
to claim 2 characterized by what is been the layered product which carried out the laminating of uni- 
layer body or two or more layers. 

[Claim 4] Said magnetic layer is the magneto-resistive effect mold magnetic head according to claim 2 
or 3 characterized by what is been a conductive member. 

[Claim 5] Said magnetic layer is the magneto-resistive effect mold magnetic head according to claim 2 
or 3 characterized by what is been an insulating member. 

[Claim 6] Said insulating member is the magneto -resistive effect mold magnetic head according to claim 
5 characterized by what is been the gap or one oxide system metal hard magnetism film chosen from the 
group which consists of a cobalt ferrite (CoFe 204), a barium ferrite (BaO and 6Fe 203), cobalt- 
platinum-silicon oxide (CoPt-Si02), and a ferrite system metal (MO-Fe203 and MO show metal oxide, 
and M is the metal of arbitration). 

[Claim 7] Said bias impression layer is the magneto-resistive effect mold magnetic head according to 
claim 1 characterized by what is been the oxide system metal hard magnetism film. 
[Claim 8] Said oxide system metal hard magnetism film is the magneto-resistive effect mold magnetic 
head according to claim 7 characterized by what is been a cobalt X ferrite (CoXFe2 any one chosen 
from the group which 04 and X become from Cu, Zn, Sn, and Ga). 

[Claim 9] Said magneto-resistive effect component is the magneto-resistive effect mold magnetic head 
given in either of claims 1-8 characterized by what is been the magneto-resistive effect component of a 
spin bulb mold, or the magneto-resistive effect component of a tunnel mold. 

[Claim 10] Magnetic-reproducing equipment which has the magneto-resistive effect mold magnetic 
head of a publication in either of claims 1-9. 



[Translation done.] 



http://www4.ipdl.ndpi. go.jp/cgi-bin/tran_^ 6/6/2005 



JP o 2001-229515,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the magnetic head of the magneto-resistive effect mold which uses a 
magneto-resistive effect component, this invention passes a detection current perpendicularly to a 
magneto-resistive effect component side in more detail, and relates to the magneto-resistive effect mold 
magnetic head which reproduces the signal field from a magnetic-recording medium with a sufficient 
precision. 
[0002] 

[Description of the Prior Art] The magneto-resistive effect mold magnetic head (the magnetic head is 
only called below) 100 shown in the former, for example, drawing 1 , is known. Drawing 1 is drawing 
showing the outline configuration of the magnetic head 1 00 seen from the magnetic-recording medium 
side which is not illustrated. In drawing 1 , it is the magneto-resistive effect component 101 for being 
shown in the center section of the magnetic head 100 to detect the signal field from magnetic-recording 
media, such as a hard disk. As this magneto-resistive effect (MR) component 101, the magneto-resistive 
effect (SVMR) component of a spin bulb mold is known well. This spin bulb mold magneto-resistive 
effect component carries out the laminating of two or more thin films, and is formed, and it has the basic 
configuration which generally consists of the 1st magnetic layer, a non-magnetic layer, the 2nd magnetic 
layer, and an antiferromagnetism layer. 

[0003] The above-mentioned magneto-resistive effect component 101 is connected to the terminals 
102 A and 102B conductive at the both ends. Moreover, the magneto-resistive effect component 101 is 
touched under each terminal 102A and 102B, and the hard film 103 A and 103B is arranged. As for these 
magneto-resistive effect component 101, Terminals 102A and 102B, and the hard film 103A and 103B, 
the vertical both sides are electrically insulated by the insulating up gap member 104 and the insulating 
lower gap member 105. And the up gap member 104 and the lower gap member 105 are further shielded 
by the shielding members 106 and 107 of soft magnetism in the upper and lower sides. 
[0004] By the way, the request to a raise in recording density to the magnetic recorder and reproducing 
device in recent years is remarkable, in order to detect high-density magnetic-recording information 
(signal field) with sufficient sensibility in the above-mentioned resistance effectiveness mold magnetic 
head 100 — the above-mentioned shielding member 106 and the gap width of face between 107 — 
narrowing — the thickness of the magnetic-head 100 whole — thin — ** ~ it has corresponded like. 
However, for insulating reservation, the gap members 104 and 105 need to secure predetermined 
thickness, and it is difficult to form the gap members 104 and 105 thinly more than the former. 
[0005] Then, in the former, the magnetic head as shown in JP,9-28807,A in order to narrow gap width 
face more for example, is proposed. The outline configuration of this magnetic head 200 is shown in 
drawing 2 . Drawing 2 is drawing showing the outline configuration of the magnetic head 200 seen from 
the magnetic-recording medium side which is not illustrated like drawing 1 . In order that this magnetic 
head 200 may narrow gap width of face more, the magneto-resistive effect component 201 is electrically 
connected to the up shielding member 206 and the lower shielding member 207. Thus, further narrow 
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gap-ization is enabled by making the up-and-down shielding members 206 and 207 into the structure of 
making a terminal serve a double purpose. 

[0006] In addition, the vertical gap members 204 and 205 to which the magneto-resistive effect 
component 201 is allotted up and down are formed with a conductive ingredient, and insulator layers 
202 A and 202B are formed in a magneto-resistive effect component 201 both-ends side. 
[0007] Here, if its attention is paid about the direction where the detection current of the magnetic head 
200 shown by the magnetic head 100 shown by drawing 1 mentioned above and drawing 2 flows, it 
differs by the magnetic head 100 and the magnetic head 200. That is, by the magnetic head 100, a 
detection current flows from terminal 102 A to field inboard to the magneto-resistive effect component 
101 and terminal 102B (in or this reverse order). Moreover, by the magnetic head 200, a detection 
current comes to flow from the up shielding member 206 perpendicularly to the magneto-resistive effect 
component 201 and the lower shielding member 207 (in or this reverse order). 

[0008] The magnetic head of a type similar to the CIP (Current In Plain) type magnetic head and the 
magnetic head 200 to which a detection current flows perpendicularly is called the CPP (Current 
Perpendicular) type magnetic head in the magnetic head of the type with which a detection current is 
similar to the magnetic head 100 which flows to field inboard. 

[0009] Now, in the magnetic head 100 above-mentioned CIP type, a detection current is that of 
******** at field inboard, for example, MR component with required passing a detection current 
perpendicularly like a tunnel mold magneto-resistive effect (TMR) component cannot be used. 
[0010] On the other hand, the above-mentioned magnetic head 200 can use a TMR component, and as 
further mentioned above, together with the point in which narrow-gap-izing is possible, it is expected 
that use of this CPP type of magnetic head is promoted in the future. 
[0011] 

[Problem(s) to be Solved by the Invention] However, it is difficult to be easy to generate leakage current 
in the both-ends side of the magneto-resistive effect component 201, and to pass a detection current 
efficiently perpendicularly to the magnetic head 200 in the above-mentioned magnetic head 200. 
[0012] Moreover, in order to perform magnetic-domain control of the magneto-resistive effect 
component 201, there is also a proposal which forms the hard film 209A and 209B in the both ends of 
the magneto-resistive effect component 201, and impresses a vertical bias field. However, in this case, it 
is common on the hard film 209A and 209B to use conductive members, such as CoPt and CoCrPt, the 
remarkable decline in a lifting and current use effectiveness can be electrically caused for short-circuit 
between the up gap members 204, and sufficient magneto-resistive effect cannot be demonstrated. Or it 
becomes the problem that the yield of manufacture falls. 

[0013] Furthermore, although there is also a proposal about what insulator layers, such as an alumina, 
are inserted for between a magneto-resistive effect component and the hard film, it is difficult to secure 
sufficient insulation also by this proposal. In this proposal, since a magneto-resistive effect component 
and the hard film will be separated magnetically, the vertical bias impressed to a magneto-resistive 
effect component declines. Therefore, magnetic-domain controlling becomes inadequate and there is a 
problem of inducing a noise. 

[0014] Therefore, the purpose of this invention does not have the problem of the leakage current in the 
both ends of a magneto-resistive effect component, and is to offer the magneto-resistive effect mold 
magnetic head of the CPP type which can impress stably sufficient vertical bias field to a magneto- 
resistive effect component further. 
[0015] 

[Means for Solving the Problem] The up gap member and lower gap member which were formed with 
the conductive ingredient which touches by each upper and lower sides of a magneto-resistive effect 
component and the above-mentioned magneto-resistive effect component so that the above-mentioned 
purpose may be indicated by claim 1, The up shielding member and lower shielding member which 
were formed in each of the above-mentioned up gap member and a lower gap member with the 
conductive ingredient which touches the above-mentioned magneto-resistive effect component side by 
the anti-body side, It is attained more by the magneto-resistive effect mold magnetic head which has an 
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insulating bias impression layer for impressing a vertical bias field to the right-and-left both-ends side of 
the above-mentioned magneto-resistive effect component at this magneto-resistive effect component. 
[0016] According to invention according to claim 1, since the bias impression layer itself has insulation, 
the leakage current by the side of magneto-resistive effect component both ends can be controlled, 
impressing a required vertical bias field to a magneto-resistive effect component. Therefore, the 
magneto-resistive effect mold magnetic head of this invention can reproduce the signal field from a 
magnetic-recording medium with a sufficient precision. 

[0017] Moreover, in invention according to claim 1, said bias impression layer is good also as a 
configuration containing an insulating antiferromagnetism layer and the magnetic layer which touches 
this antiferromagnetism layer so that it may be indicated by claim 2. 

[0018] According to invention according to claim 2, since the antiferromagnetism layer has insulation, 
the leakage current by the side of magneto-resistive effect component both ends can be controlled. 
Furthermore, since the magnetic layer is arranged in contact with this antiferromagnetism layer, it 
produces an one direction anisotropy field according to a switched connection operation. This magnetic 
layer impresses the stable vertical bias field to a magneto-resistive effect component. That is, this bias 
impression layer formed by two-layer can impress a required vertical bias field to a magneto-resistive 
effect component, securing insulation. Therefore, this magneto-resistive effect mold magnetic head can 
reproduce the signal field from a magnetic-recording medium with a sufficient precision. 
[0019] Moreover, in invention according to claim 2, said said antiferromagnetism layer is good also as a 
configuration which is the layered product which carried out the laminating of uni-layer body or two or 
more layers so that it may be indicated by claim 3. 

[0020] By invention according to claim 3, an antiferromagnetism layer touches the above-mentioned 
magnetic layer, and just gives the stable one direction anisotropy. When using an antiferromagnetism 
layer as uni-layer body, insulating nickel oxide (NiO), an iron oxide (alpha-Fe 203), etc. can be used. 
[0021] Moreover, the antiferromagnetism layer of uni-layer body is prepared in the upper and lower 
sides of the above-mentioned magnetic layer, and it is good also as sandwich structure. In this case, 
since a magnetic layer is pinched from the upper and lower sides by the insulating antiferromagnetism 
layer, a stronger one direction anisotropy field and high insulation can be given to a magnetic layer. 
[0022] Moreover, when making an antiferromagnetism layer into a layered product, insulating cobalt 
oxide-nickel oxide (CoO-NiO), iron-oxide-nickel oxide (alpha-Fe 203-NiO), etc. can be used. In this 
case, it is desirable to arrange so that a cobalt oxide and iron-oxide side may touch a magnetic layer. 
[0023] Moreover, in invention according to claim 2 or 3, said magnetic layer is good also as a 
configuration which is a conductive member so that it may be indicated by claim 4. 
[0024] Since the insulating ingredient is used for the antiferromagnetism layer in invention according to 
claim 4, the leakage current by the side of magneto-resistive effect component both ends can be 
controlled. Therefore, it becomes possible to use a conductive ingredient for a magnetic layer. As this 
conductive magnetic material, permalloy (NiFe), cobalt (Co), and cobalt-iron (CoFe) etc. can be used. 
[0025] Moreover, in invention according to claim 2 or 3, said magnetic layer is good also as a 
configuration which is an insulating member so that it may be indicated by claim 5. 
[0026] Since a magnetic layer also serves as an insulating member with an insulating 
antiferromagnetism layer according to invention according to claim 5, the leakage current by the side of 
magneto-resistive effect component both ends can be controlled still more certainly. Whichever of a 
hard magnetism system ingredient and a soft magnetism system ingredient may be used for this 
insulating magnetic material. 

[0027] As the above-mentioned soft magnetism system ingredient, a manganese zinc ferrite (MnZnFe 
204), a nickel zinc ferrite (NiZnFe 204), etc. can be used, for example. 

[0028] Moreover, in invention according to claim 5, it is good also as the gap chosen from the group 
which consists of a cobalt ferrite (CoFe 204), a barium ferrite (BaO and 6Fe 203), cobalt-platinum- 
silicon oxide (CoPt-Si02), and a ferrite system metal (MO-Fe203 and MO show metal oxide, and M is 
the metal of arbitration), or a configuration which is one oxide system metal hard magnetism film so that 
it may be indicated by claim 6. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/6/2005 



JP„2001-229515,A [DETAILED DESCRIPTION] 



Page 4 of 9 



[0029] According to invention according to claim 6, a required vertical bias field can be impressed to a 
magneto-resistive effect component, controlling the leakage current by the side of magneto-resistive 
effect component both ends more effectively. 

[0030] Moreover, in invention according to claim 1, said bias impression layer is good also as a 
configuration which is the oxide system metal hard magnetism film so that it may be indicated by claim 
7. 

[0031] According to invention according to claim 7, since the leakage current by the side of magneto- 
resistive effect component both ends can be controlled impressing a required vertical bias field to a 
magneto-resistive effect component with the insulating oxide system metal hard magnetism film of one 
layer, a configuration is easy and can simplify a production process. 

[0032] Moreover, in invention according to claim 7, said oxide system metal hard magnetism film is 
good also as a configuration which is a cobalt X ferrite (CoXFe2 any one chosen from the group which 
04 and X become from Cu, Zn, Sn, and Ga) so that it may be indicated by claim 8. 
[0033] According to invention according to claim 8, impression of the field to an effective magneto- 
resistive effect component and control of leakage current are realizable. 

[0034] Moreover, in invention given in either of 1 to 8, said magneto-resistive effect component is good 
also as a configuration which is the magneto-resistive effect (SVMR) component of a spin bulb mold, or 
the magneto-resistive effect (TMR) component of a tunnel mold so that it may be indicated by claim 9. 
[0035] According to invention according to claim 9, the high sensitivity magneto-resistive effect mold 
magnetic head can be obtained using the conventional production line. 

[0036] And the so-called coercive force difference type which consists of others, the 1st magnetic layer, 
a non-magnetic layer, and the 2nd magnetic layer is also contained in this SVMR component. [ mold / 
which consists of the 1st magnetic layer and non-magnetic layer which were mentioned above, the 2nd 
magnetic layer, and an antiferromagnetism layer / common ] 

[0037] Moreover, the type which consists of others, the 1st magnetic layer, an insulating layer, and the 
2nd magnetic layer is also included in a TMR component. [ type / which consists of the 1st magnetic 
layer, an insulating layer the 2nd magnetic layer, and an antiferromagnetism layer ] 
[0038] Furthermore, it is contained under the category of this invention also about the magnetic- 
reproducing equipment which has the magneto-resistive effect mold magnetic head of a publication in 
either of claims 1-9 so that it may be indicated by claim 10. 

[0039] According to invention according to claim 10, it becomes magnetic-reproducing equipment 
which can reproduce the signal field from a magnetic-recording medium with a sufficient precision. In 
addition, if this magnetic head and the recording head for playback are made to unify, a magnetic 
recorder and reproducing device can also be constituted. 
[0040] 

[Embodiment of the Invention] Furthermore, the 1st example of this invention is explained based on 
drawing 3 and drawing 4 . 

[0041] The outline configuration of the magnetic head 10 of the CPP type which relates to the 1st 
example at drawing 3 is shown. The outline configuration of the magnetic head 10 seen from the 
magnetic-recording medium side of the exterior which is not illustrated in this drawing is shown, and a 
longitudinal direction is the component cross direction, i.e., the cross direction of the truck of a 
magnetic-recording medium, in drawing 3 . 

[0042] In this drawing, the magnetic head 10 has the up shielding member 1 1 and the lower shielding 
member 12. These two magnetic-shielding members 1 1 and 12 are formed with soft magnetic materials, 
such as FeZrN, and are formed in about about 1 to 2-micrometer thickness. These shielding members 1 1 
and 12 are conductivity, and serve as the terminal. 

[0043] Gap space is formed among the above-mentioned shielding members 1 1 and 12. The MR 
component 15 is electrically connected to the up shielding member 1 1 and the lower shielding member 
12 through each of the conductive up gap member 13 and the lower gap member 14 into this gap. 
Therefore, a detection current goes into the MR component 1 5 through the up gap member 1 3 (or lower 
gap member 14) from the up shielding member 1 1 (or lower shielding member 12), and comes to flow 
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in perpendicular through the lower gap member 14 (or up gap member 13) to the lower shielding 
member 12 (or up shielding member 11) side further. 

[0044] A TMR component or a SVMR component can be used as the above-mentioned MR component 
15. TMR - a component — ****** - for example — an insulating layer -- aluminum — two — O — three 
— having used — PdPtMn — (-- 20 — ) — /— Co — (— two — ) ~ /— aluminum — two — O — three — (-- five 
-) - /— Co « (— one — ) - /— NiFe — (— two — ) — the bottom — from — one by one — a laminating — 
having carried out — a cascade screen — it can use . Moreover, the cascade screen which carried out the 
laminating of NiFe(2) / CoFeB(4) / Cu(3) / CoFeB(2.2)/PdPtMn (25) which used Cu for the non- 
magnetic layer one by one from the bottom as a SVMR component can be used. In addition, the figure 
in a parenthesis shows the thickness of each class by NANOMETA (nm). Moreover, these TMR(s) 
component and a SVMR component are good also as a cascade screen which carried out the laminating 
to the reverse order similarly. 

[0045] Moreover, although the up gap member 13 can use conductive copper, gold, silver, platinum, or 
the alloy from these, copper is preferably formed in about 20nm thickness. Moreover, although what is 
necessary is for the same to be said of the lower gap member 14, for example, just to form copper by 
20nm thickness, a tantalum (Ta) is formed in the bottom of about 5nm and the lower gap member 14 as 
a lower gap substrate 16 for desirable film formation control. Using the conventional thin film coating 
technology, the laminating of the formation of each class mentioned above is carried out one by one, and 
it can be formed. 

[0046] And the bias impression layer is prepared in the both-ends side of the above-mentioned MR 
component 15. In drawing 3 , insulating antiferromagnetism layers 17A and 17B, magnetic layers 18A 
and 18B, and insulating layers 19A and 19B are prepared sequentially from the top in bilateral 
symmetry by the both-ends side of the MR component 15. 

[0047] The antiferromagnetism layers 17A and 17B and magnetic layers 18A and 18B turn into a bias 
impression layer. As antiferromagnetism layers 17A and 17B, NiO can be carried out as 30nm and 
magnetic layers 18A and 18B, they carry out 20nm laminating of the nickel-zinc-ferrite as insulating 
soft magnetic materials, and the bias impression layers 17 and 18 can be formed. About magnetic layers 
1 8 A and 1 8B, the oxide system metal hard magnetism film chosen from a cobalt ferrite (CoFe 204), a 
barium ferrite (BaO and 6Fe 203), cobalt-platinum-silicon oxide (CoPt-Si02), and a ferrite system 
metal (MO-Fe 203) can be used similarly. MO shows metal oxide here and M is the metal of arbitration. 
As M, Mn, nickel, Fe, Cu, (LiFe), Ti, etc. can be used. 

[0048] magnetic layers 18A and 18B are allotted in contact with the antiferromagnetism layers 17A and 
1 7B — it is arranged in contact with both the both ends of the MR component 15. A B-H loop formation 
shifts magnetic layers 18A and 18B according to a switched connection operation with the 
antiferromagnetism layers 17A and 17B, and the magnetization direction is fixed. Consequently, since 
an one direction anisotropy field is produced in magnetic layers 18A and 18, a stable vertical bias field 
can be impressed from magnetic layers 18A and 18B to the MR component 15. 
[0049] In addition, insulating layers 19A and 19B have a good insulating property, when insulating 
ingredients, such as an alumina (aluminum 203), are formed in about 30nm. Moreover, the bias 
impression layer of the sandwich structure of an antiferromagnetism layer, a magnetic layer, and an 
antiferromagnetism layer (NiO / nickel zinc ferrite / NiO) may be formed in the above-mentioned both 
ends using an insulating antiferromagnetism ingredient, for example, 30nm NiO, as an insulating layer 
19. In this case, the vertical bias field from magnetic layers 18A and 18B is further stable, raising an 
insulating property. 

[0050] The magnetic head 10 of the above-mentioned configuration can detect magnetic-reluctance 
change as electrical-potential-difference change, if that electrical potential difference is supervised for a 
current with a sink at right angles to the field of this MR component 15. 

[0051] Since the magnetic-domain control of the free magnetic layer in the MR component 15 is 
changed into the desirable condition by the vertical bias field from magnetic layers 18A and 18B in that 
case, there are no failures, such as a Barkhausen noise, and they can use a magneto-resistive effect 
efficiently. Furthermore, since the both-ends side of the MR component 15 has the insulating 
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antiferromagnetism layers 17A and 17B, generating of leakage current has been controlled. Therefore, a 
detection current flows efficiently perpendicularly to the MR component 15, and can detect the signal 
field from a magnetic-recording medium to high sensitivity. 

[0052] Next, the magnetic-head 10 above-mentioned manufacturing method is explained based on 
drawing 4 . Drawing 4 is drawing showing the membrane formation process of the magnetic head 10. 
[0053] By drawing 4 (A), about 2 micrometers of FeZrN(s) are formed as a lower shielding member 12 
by the spatter on the Al Chick substrate (aluminum203-TiC) 2. Besides, a tantalum is formed as a lower 
gap substrate 16, and about 20nm of copper is formed as about 5nm and a lower gap member 14. 
[0054] Sequential membrane formation of the ingredient corresponding to the MR component 15 used 
on the above-mentioned lower gap member 14 is carried out from the bottom by the spatter, and it 
considers as a cascade screen. The configuration of each class of a SVMR component and a TMR 
component is as having mentioned above. Furthermore, about 20nm of copper is formed as an up gap 
member 13 on the MR component 15. The process of the above-mentioned membrane formation can be 
carried out also by continuation or discontinuity. 

[0055] By drawing 4 (B), it etches until it carries out patterning of 1 micrometer of ****, and the resist 5 
with a height of about 3 micrometers and Cu of the lower gap member 14 or the tantalum of the lower 
gap substrate 16 is detected by the ion milling method on the up gap member 13. The vertical bias 
impression layer formed in a MR component 15 both-ends side by drawing 4 (C) following the above- 
mentioned ion milling is formed. NiO is formed by the spatter one by one as insulating layers 19A and 
19B from the bottom as a nickel zinc ferrite and antiferromagnetism layers 17A and 17B as an alumina 
(aluminum 203) or NiO, and magnetic layers 18A and 18B. The thickness of each class may be it [ its ] 
about 30nm, about 20nm, and about 30nm. Then, lift off of the resist 5 is carried out, and it becomes the 
magnetic head 1 0 of drawing 3 mentioned above when forming the FeZrN film as an up shielding 
member 1 1 on the MR component 15 finally. 

[0056] In the former, the insulation by which manufacture was made difficult is a having-the same 
function as hard film which has desired coercive force highly thing, and the yield of the vertical bias 
impression layer formed in a MR component 15 both-ends side by this example also improves. 
[0057] Next, the 2nd example of this invention is explained based on drawing 5 . Here, in order to avoid 
the duplicate explanation, the same sign as above-mentioned drawing 3 is given to the same member. 
[0058] As compared with the magnetic head 10 of the 1st example, the vertical bias impression layer of 
the magnetic head 20 of**** 2 example consists of two-layer. It is formed by the conductive magnetic 
layer 28 which touches the insulating antiferromagnetism layer 27 and this insulating 
antiferromagnetism layer 27. 

[0059] Insulating NiO can be used as an antiferromagnetism layer 27. Moreover, the magnetic 
substance, such as conductive NiFe and CoFe, can be used as a magnetic layer 28. 
[0060] The magnetic head 20 of this example left the layer which forms the MR component 25 to the 
both-ends side, and has formed on it the antiferromagnetism layers 27A and 27B which have insulation 
in contact with magnetic layers 28A and 28B and this. Therefore, although the same layer as the MR 
component 25 is to exist in a terminal area side in lamination, only the field across which it faced by the 
vertical bias impression layers 27A and 27B, and 28A and 28B functions as an original MR component 
25. Therefore, this example also serves as the configuration that the vertical bias impression layer with 
insulation is formed in the both-ends side of the MR component 25. 

[0061] The magnetic head 20 of this example can be manufactured like drawing 4 which showed the 
manufacture approach of the magnetic head 10 of the 1st example. However, in this example, in case 
both ends are etched, there is a merit that the amount of etching is lessened and can be manufactured, 
concrete — as the MR component 25 — a SVMR component — using — for example, NiFe(2) / CoFeB — 
whether the laminating of (1) / Cu(3) / CoFeB(2) / PdPtMn(20) / the NiFe (2) is carried out one by one 
from the bottom moreover, a TMR component — using — for example, PdPtMn [ NiFe(2) / ] (20)/Co — 
the cascade screen which carried out the laminating of (2) / aluminum203(5) / Co(l) / the NiFe (2) one 
by one from the bottom can be used. In the case of the vertical bias impression layer shown in the **** 
2 example, it is desirable to use a SVMR component from a viewpoint which controls the effect of 
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leakage current. 

[0062] Etching by the side of both ends performs ion milling until the maximum upper layer NiFe of the 
MR component 25 is detected. Then, the laminating of about lOnm and the 40nm is carried out for 
insulating NiO as NiFe and an antiferromagnetism layer 27 as a magnetic layer 28, respectively, and a 
vertical bias impression layer is formed. 

[0063] Also by the magnetic head 20 of **** 2 example, since the magnetic-domain control of the free 
magnetic layer in the MR component 25 is changed into the desirable condition by the vertical bias field 
from magnetic layers 28A and 28B which touches the antiferromagnetism layers 27A and 27B, there are 
no failures, such as a Barkhausen noise, and they can use a magneto-resistive effect efficiently. 
Furthermore, since the both ends of the MR component 25 have the insulating antiferromagnetism layers 
27A and 27B, they have controlled generating of leakage current. Therefore, a detection current flows 
efficiently perpendicularly to the MR component 25, and can detect the signal field from a magnetic- 
recording medium to high sensitivity. 

[0064] Next, the 3rd example of this invention is explained based on drawing 6 . this operation is the 
example which unlike the 1 st and 2nd examples mentioned above came out further, formed the vertical 
bias impression layer, and adopted the TMR component as a MR component. Using the predetermined 
oxide system metal hard magnetism film, if a vertical bias impression layer is formed, it is one layer. 
Such a configuration is the same as that of the hard film conventionally used for magnetic-domain 
control of a SVMR component, and can simplify a configuration rather than the example mentioned 
above. 

[0065] The example of a configuration of the magnetic head 30 of this example is shown. The lower 
shielding member 32 which consists of NiFe forms on the substrate which is not illustrated at the 
thickness which is 2 micrometers. The lower gap member 34 which is conductivity and besides serves as 
a lower electrode terminal is formed. You may make it make the lower shielding member 32 serve a 
double purpose by this lower gap member 34. 

[0066] 35 TMR(s) are formed as a MR component on the lower gap member 34. The laminating of the 
TMR component 35 is carried out from the bottom in the order of the free magnetic layer 35-1, an 
insulating layer (tunnel barrier layer) 35-2, the fixed magnetic layer 35-3, and the antiferromagnetism 
layer 35-4. As a free magnetic layer 35-1, for example, 3nm CoFe or CoFeB, Or 2nm NiFe / lnm CoFe 
(or replacing with CoFe lnm CoFeB) is formed. It considers as the layered product which formed 2nm 
aluminum 203 as a tunnel barrier layer 35-2, formed 2nm CoFe or CoFeB as a fixed magnetic layer 35- 
3, and formed 20nm PdPtMn as an antiferromagnetism layer 35-4. 

[0067] Furthermore, the both ends of 35 TMR(s) are touched, and the bias impression layer 37 is formed 
so that this may be inserted. If the cobalt X ferrite (CoXFe2 any one chosen from the group which 04 
and X become from Cu, Zn, Sn, and Ga) which is the oxide system metal hard magnetism film as this 
bias impression layer 37 is used, it will become the outstanding film which achieves impression and the 
insulating function of vertical bias by one layer, beyond the predetermined coercive force that needs this 
bias impression layer 37 as bias film (He), for example, 500Oe(s), (oersted) — ** — since it becomes, the 
magnetic-domain control of the free magnetic layer 35-1 of 35 TMR(s) can fully be carried out. 
[0068] It can manufacture using the conventional thin film coating technology like the 1st example 
which also mentioned above the magneto-resistive effect mold magnetic head of this example. By 
making it magnetize in the arrow-head 41 direction by drawing 6 , the bias impression layer 37 
impresses a vertical bias field to the free magnetic layer 35-1, and gives an one direction anisotropy in 
the direction. Moreover, the fixed magnetic layer 35-3 gives an one direction anisotropy in the direction 
of an arrow head 42 (direction perpendicular to space) according to a switched connection operation 
between the antiferromagnetism layers 35-4. While making the magnetization direction of the free 
magnetic layer 35-1 and the fixed magnetic layer 35-3 intersect perpendicularly by considering as such 
lamination, the fixed magnetic layer 35-3 can realize the condition (pinning condition) of not moving 
until it did not answer to the external magnetic field but magnetization was always suitable in the 
direction of 42. 

[0069] In addition, the thickness of the above-mentioned bias impression layer 37 is suitably adjusted so 
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that a desired vertical bias field can be impressed. What is necessary is just to form the insulating layer 
which consists of aluminum203 grade on the bias impression layer 37. 

[0070] Moreover, as for the up gap member 33, it was desirable to carry out patterning to the desired 
configuration to ** shown in drawing 6 , and it formed so that spacing of the bias impression layer 37, 
abbreviation, etc. which are formed on both sides here might be by carrying out and might serve as die 
length. Besides, NiFe used as the up shielding member 31 was formed by 3-micrometer thickness on the 
section gap member 33. In addition, you may make it the up gap member 33 make the up shielding 
member 31 serve a double purpose. The matter which does not add explanation especially by this 
example can apply the same conditions as the 1st example mentioned above. 

[0071] Next, the 4th example of this invention is shown in drawing 7 . This operation is the modification 
of the 3rd example mentioned above, it comes out further and a vertical bias impression layer is formed, 
and although the point which adopted the TMR component as a MR component is the same, the order of 
a laminating of the TMR component 39 is formed in a reverse order with the 3rd example. That is, the 
TMR component 39 serves as the antiferromagnetism layer 39-1, the fixed magnetic layer 39-2, an 
insulating layer (tunnel barrier layer) 39-3, and the free magnetic layer 39-4 from the bottom. The same 
effectiveness as the 3rd example of the above can be acquired also with the TMR component formed in 
this ** at the reverse order. 

[0072] In the 3rd and 4th example of the above, since it is realizable with the gestalt adapting the hard 
film method of the ABANTEDDO mold widely adopted by SVMR which has a track record from the 
former in the magnetic head using the TMR component by which manufacture is generally made 
difficult, a manufacturing technology can be applied and manufactured conventionally. 
[0073] According to the magnetic head 30 of the 3rd and 4 above-mentioned example, the bias 
impression layer 37 controlling generating of leakage current, a vertical bias field is impressed to the 
MR component 35 and the free magnetic layer in 39, and magnetic-domain control is changed into the 
desirable condition. Therefore, there are no failures, such as a Barkhausen noise, and they can use a 
magneto-resistive effect efficiently. Therefore, a detection current flows efficiently perpendicularly (the 
direction of an arrow head 43) to the MR components 35 and 39, and can detect the signal field from a 
magnetic-recording medium to high sensitivity. 

[0074] In addition, although the 3rd and 4th example of the above showed the magneto-resistive effect 
mold magnetic head which used the TMR component, it cannot be overemphasized that it can realize 
similarly about a more general SVMR component. The lamination when adopting a SVMR component 
can use similarly what was shown in the 1st example. 

[0075] Although the example mentioned above was explained as the magnetic head which reproduces 
the signal field from a magnetic-recording medium to high sensitivity, if the magnetic head of this 
example and the thin film head of the conventional inductive mold are put side by side, it is clear that it 
can consider as record and the reproducing head. 

[0076] Here, the magnetic-recording intermediation record regenerative apparatus which carried the 
magnetic head shown in the example is explained briefly. Drawing 8 is drawing showing the important 
section of a magnetic-recording record regenerative apparatus. The hard disk 51 as a magnetic-recording 
medium is carried in the magnetic-recording record regenerative apparatus 50, and a rotation drive is 
carried out. The front face of this hard disk 51 is countered, and magnetic-reproducing actuation is 
performed by the compound-die magnetic head 60 which is the predetermined flying height, for 
example, has MR mold component 15 of the 1st example in a read side. In addition, the compound-die 
magnetic head 60 is being fixed to the front end section of the slider 71 which exists at the tip of an arm 
70. Positioning of the compound-die magnetic head 60 can adopt the two-step type actuator which 
combined a usual actuator and a usual electromagnetic jogging actuator. 

[0077] In addition, it cannot be overemphasized that the magnetic -reproducing equipment only using the 
magnetic head of this example can be formed. 

[0078] As mentioned above, although the desirable example of this invention was explained, various 
deformation and modification are possible for this invention within the limits of the summary of this 
invention which is not limited to the starting specific example and was indicated by the claim. 
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[0079] 

[Effect of the Invention] Since the bias impression layer itself has insulation according to invention 
according to claim 1 so that clearly from the place explained in full detail above, the leakage current by 
the side of magneto-resistive effect component both ends can be controlled impressing a required 
vertical bias field to a magneto-resistive effect component. Therefore, the magneto-resistive effect mold 
magnetic head of this invention can reproduce the signal field from a magnetic-recording medium with a 
sufficient precision. 

[0080] Moreover, according to invention according to claim 2, since the antiferromagnetism layer has 
insulation, the leakage current by the side of magneto-resistive effect component both ends can be 
controlled. Furthermore, since the magnetic layer is arranged in contact with this antiferromagnetism 
layer, it produces an one direction anisotropy field according to a switched connection operation. This 
magnetic layer impresses the stable vertical bias field to a magneto-resistive effect component. That is, 
this bias impression layer formed by two-layer can impress a required vertical bias field to a magneto- 
resistive effect component, securing insulation. 

[0081] Moreover, since the insulating ingredient is used for the antiferromagnetism layer in invention 
claim 3 and given in four, the leakage current by the side of magneto-resistive effect component both 
ends can be controlled. Therefore, it becomes possible to use a conductive ingredient for a magnetic 
layer. 

[0082] Moreover, since a magnetic layer also serves as an insulating member with an insulating 
antiferromagnetism layer according to invention according to claim 5, the leakage current by the side of 
magneto-resistive effect component both ends can be controlled still more certainly. 
[0083] Moreover, according to invention according to claim 6, a required vertical bias field can be 
impressed to a magneto-resistive effect component, controlling the leakage current by the side of 
magneto-resistive effect component both ends more effectively. 

[0084] Moreover, according to invention according to claim 7, since the leakage current by the side of 
magneto-resistive effect component both ends can be controlled impressing a required vertical bias field 
to a magneto-resistive effect component with the insulating oxide system metal hard magnetism film of 
one layer, a configuration is easy and can simplify a production process. 

[0085] Moreover, according to invention according to claim 8, impression of the field to an effective 

magneto-resistive effect component and control of leakage current are realizable. 

[0086] Moreover, according to invention according to claim 9, the high sensitivity magneto-resistive 

effect mold magnetic head can be obtained using the conventional production line. 

[0087] Moreover, according to invention according to claim 10, it can provide as magnetic-reproducing 

equipment which can reproduce the signal field from a magnetic-recording medium with a sufficient 

precision. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused t>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is drawing which was seen from the magnetic-recording medium side and in 
which showing the outline configuration of the conventional magneto-resistive effect mold magnetic 
head. 

[Drawing 2] Drawing 2 is drawing which was seen from the magnetic-recording medium side and in 
which showing the outline configuration of other magneto-resistive effect mold magnetic heads which 
existed conventionally. 

[Drawing 3] Drawing 3 is drawing which was seen from the magnetic-recording medium side and in 
which showing the outline configuration of the magnetic head of the 1st example. 

[Drawing 4] Drawing 4 is drawing showing the membrane formation process of** which manufactures 
the magnetic head 10 shown in drawing 3 . 

[Drawing 5] Drawing 5 is drawing which was seen from the magnetic-recording medium side and in 

which showing the outline configuration of the magnetic head of the 2nd example. 

[Drawing 6] Drawing 6 is drawing which was seen from the magnetic-recording medium side and in 

which showing the outline configuration of the magnetic head of the 3rd example. 

[Drawin g 7] Drawing 7 is drawing which was seen from the magnetic-recording medium side and in 

which showing the outline configuration of the magnetic head of the 4th example. 

[Drawin g 8] Drawing 8 is drawing showing the important section of the magnetic-recording record 

regenerative apparatus which adopted the magnetic head of this invention. 

[Description of Notations] 

1 0 Magnetic Head 

1 1 Up Shielding Member 

12 Lower Shielding Member 

1 3 Up Gap Member 

1 4 Lower Gap Member 

1 5 MR Component 

17 18 Vertical bias impression layer 

1 7 Antiferromagnetism Layer 

1 8 Magnetic Layer 

30 Magnetic Head 

31 Up Shielding Member 

32 Lower Shielding Member 

33 Up Gap Member 

34 Lower Gap Member 

35 MR Component (TMR Component) 
37 Vertical Bias Impression Layer 
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A. 209B(C«CoPt, CoCrPtWWttl ««**»6©fll-WW*«lt * < C i^S 

t**fflt>*c i*H8WT* o ±ew + 9 y'^m 204 ^ 0 



(4) 
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[0 0 2 0 ] mm 3 KEttCDRWC. SStSSttS tt± 

it«5»»tt©»ib- 7**(NiO), Btttft ( or- F 
e,0,) »*«l»*C4*»"Ct*. 
[0 0 2 1 ] ±8B«tt»©±T«:#«*©iS3!r« 

[0022 ] R3»«8tt«*BWH*4"«"5*»^W. 
M&ttftJlttt«!>llft=i'<Jl' F -BMb- ?^(CoO- 
NiO) . mtVk-Uit=-vtr^ Ca-F e,O s -N i 
Of^Sl^Cim?.. C©*g£\ ^fbn^-Jl/ h 

[0023] *fc. imm4fcuw.2tiz>&^<<z* if* 

3S2 3 iBJR©SWiC*jl>r . fffiBlSffif 
[0024] |»*3ai4lB«©»WT:«sa!SW4JB«:iftJt 

»t flSffl r z> c t & Djfii <t a s . c omn&mmm t 

L-r, Wittf^-- (Ni Fe) , 3^;Uh (C 
o) . (CoFe) «*JBl>4C6**T?* 

[0 0 2 5 ] */c. l»*3S5tclBttSniJ:5K t If* 
S2X«3ffitg©#6BJtcte(,^-C. milBBttJf (Jii&ilfttgfl 
tt-C*-«. 1tfiSiL-CtJ:C». 30 

[0 0 2 6 ] fi*l!5lBtt©^HJ^j;n(*. -*«i14©£> 

[0027] ±Ett«tt»*«4i 0"Ct*. 
>-SIS-7*9-f h (MnZnFe.O.) . -ir;U 
-SIS- 7x5^h (NiZnFe.OJfifflUSC 

[002 8 ] Sfc. a^etCiBtgStlSJr^tC. If* 40 
^5sB46©^BJ«:*Jl' i ^> 3^h-7i7-f h (Co 
F e 2 O, ) . A y ■> * F ( B a O • 6 F e 

,0,) . \--&&-mtfjm (c o p t -s i 

O.) RI>'7*7-f F&&R (MO • F 6,03. MOli 
iSEft^S^r^O, M «<£.%©£)! -C*£) *>6> 

[002 9 ] imm 6 1B«M>»!I§K: iftK. <fc t> 
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[00 30 ] «|3|OH7K:fBt8S*i4J:5tc. If* 

31 1 iBtso^HJtcteii-c. BtfiBM*-rTXEnJin)i«i^bt! 
[0031] i«*^7 iBtg©»Bj«:J:n«. i notett 

[00 32] Sfc. If*l|8(efBtSc<*ft£<J:5K:. If* 
J17lBi£©^tcfc^r. mrKKIb^^lSWaafflK 
«, 3A-)l,FX7i7-ff' (CoXFe,0,, X«C 
u. Zn. SnSCfGa*>e>&4SP*»«>a«iS*i*«'»'i* 

[00 33 ] W*B8IEtt©«lli(Cj:tl«. SSWWttK 

ft«ta^*^^«»©EPfti t y - 

[0 0 34 ] *fc. »3#19«:ie«.3*l*J:9K. 1 
6 8 ©^Tn*HCIB4g©|%B^(cfct,i-C. BtriBJS^,Sta?a 

m*^* . 7m.<rmfmtm& (svmr) 

mtttev>*)m<ommffljm& (tmr> **-r* 

[00 3 5 ] W5|8i9 Btt©»W«:«t*l«. 

[0 0 36 ] fU. C©S VMR^CCttfjaL-t, 

[0037] TMR**-K:ra. fffiBBtsfes. mm 
i mws. mm m%.vm2 w&m&iif£z> z a 

[0 0 3 8 ] lf*Sl OtciBiS^i-i'S.fc^CC, 

88*JM 1 * 5 6 9 ©l,>Tn*>K:!BiS©S8^ffita$&SM!&^, 

[0 03 9 ] ff*^ 1 Offi48©*^tCJ:tl«, B&SilESS 
6 ©ft £ fR ft J; < S^-T 5 C <b *«r # 52 

[0040] 

[0 04 1 ] S3(C® lUSgPiKC^SCPP^^T'OSS 

&toftiwmmsmm&miPhM.tcm$a.^ ■> >* 1 o©m 

*to*««ffi»MM*© F^ » ^©ifi^tS]-c*S„ 



1 



[0042] lejutefct^-c, m&^v f i o«±aj^>- 

h6 2o©BB«l^-^ F»Wl 1 . 121*. «*»F e 
Z r NVOWBttfttrJBttSn, »l*62<imffll© 

[0 04 3] ±E5/-^ KW* 11,1 2©IWC* + * 

^11tt<D±§fl*> * 1 3 RCFFBW* ? zftm 1 

iBUf-Jl/FaWl 1 iTSB^ 10 

MB. ±»i/-^F»*tl l.(XiaT»5/-^FW*l 
2 ) ^6±SB*> * ^»t# 1 3 (X«TSB*> v ^»*# 
1 4 ) ^/rltMR^l SfefcTW^ir* 
Ttmi 4 (X«±»*+ ^aWsfl 3) ZftLXTZZ 
2y-jbF«W*l 2 (Xtt±»^-^FW* 1 1) ffiKi 
ffi&WCcSfcft 4 cfc 0 CC & & . 
[0 044] iBEMRSR^ 1 1 5 t Lt, TMRSH4RI* 

Lttt, ff ABIWIiCA 1 , 0, tfll* P d P t M n 20 
(2 0) /Co (2)/Al,0, (5) /Co ( 1) / 
N i Fe (2) «rT^6MS^:ffi«L/cffiHJK^C^C 
<t#r£& 0 *te. SVMRITilt. «*.«#BB14 
JBCtCu£ffl^fcN iFe (2)/CoFeB (4)/ 
Cu (3)/CoFeB (2. 2)/PdPtMn (2 

m) t^ltt^c cn^TMRSf, SVMR 

«|SJ» tea? JfHtc as 0 fc . WMUl/TfcJ:i>. 
[0 045] iSfrF* s> ^S»* 1 3 tt^HttcD 30 

in, ig, x»cne>^6©^«:ffiffl"ct4 

1/ < 2 0 n mOlW«cje«3 ti 

4. *3k. T6B*> 9^aBt*l 4 twort H*r* 

0 . 2 0 n mO!SJPrff2J£-rftfcS «fcl**** S? 

£>*;U (Ta) tWAttfiSnm, T3B*> ? ^8M* 

[ 0 0 4 6 ] -e It, ±I2MR^T- 1 5 W 

«W405*fi8ttli 1 7 A, 17B, BSI18A, 18 
BRtWBtRJll 9 A, 1 9 B*5RW64ar^4. 
[0 04 7] J53&S14B 1 7 A , 17 BR»«ttl 1 8 

a, i 8 B&'*4 r^twmmtr^h. 'WT^EPJJBJI 1 
7, 18lt S8H4I17A, 17BiUm«N 

1 043 0 nm, SSttBl 8 A, 1 8 B b 

20nmSlUt»#5„ EBttB18A, 
ot,>Tt£[H];|3ltCv ziJi)l b - y F (CoFe 50 
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,0 4 ) . a'ij^7*7^F (B aO • 6 F e 2 0 3 ) , 
a/^l/h-a^-Bllb^-r* (CoPt-S iO,)S 
TJ>V bZh£M (MO • F e 2 O 3 ) *>6S!tRS*iS 

»p(it«Mn , Ni, Fe, Cu, (LiFe), Ti 

[ 0 0 4 8 ] ffiftfeU 1 8 A, 18 Btt, 1 7 

A, 1 TBtC&UTKSft&^teMRff^l 
CCgLTEg^tl^o ffit4J118A, 18Blt E5MB 
S117A, 17Bi©X»IS^f¥fflicJ:!3B-H;b- 

■ 1 8 A, 1 8JC— ^|0ia*tt«»*^D4©r. ®tt 
HI 8 A, 1 8B^6MRfT-l 5^1X5^1^ 

[ 0 04 9 ] fcfc. tfittJB 19A, 1 9 BkZT)l< ^ * 

(a 1 2 o 3 ) mvmmmmz 3 0 n mgstc^-r ^ 

<b, A»ttlM«t14*#r4. *fc* «il 9 bOX 
*«tt©K«»14Wfck ffiU.tf3 0 n mON i 0£3H> 

r, ±Ew*»ccs*BMtJB, mam. fc&m&m <n 

i 0/~ v J r)l-m&-y A F/N i O) <DU-> F 
B^60^^7^IS^5Htt^c 

[0050] ±mmm<Dm^ » f i o comri 

[0 0 5 1 ] -tOOKI, ?&f4Ji 1 8 A, 18 BfrkVM'i 
i >ttJB6c&KMai Itc^OT, ^ z >\ ^ -fef > -/ ^ X 

e>6c, mrjr^i 5 <Dffimmm*mBVt<D&&m&m 1 

7 A, 17B4Sl"C^4OT, y - ^«ac<0»^*W 
WLTC^i. cfco-C, l*ta«fc«MR*-T-l 

[0 0 5 2 ] ±15^-^ v F 1 OM^ffitCOC^ 

[0 0 5 3 ] MA (A) T\ T)\s9 v (A1,0 3 
-TiC) 2±tC*^#?£CC<fc^ TSP^-^FSPW 
12iltFeZrN*jR2mn»ffit4. C(D±CCT 
g|5+" i* ^ ^Ttft 1 6 b OX it > ^ )l>£%) 5 n m, T8W 
+ v ?mt 1 4 b LXm%$)2 0 n mfiSIST & e 

[0 0 54] ±fBTSP*> ^ ^g&W 1 4±CC. ffll^M 
R3R* 1 5 «l*tl£;Ufct**4*XM* y *mxTfrhm<'Xf& 

moxmmmb?& 0 svmr*?swtmr*to* 

±tC±SP+> si ^autt 1 3 b LXm*m2 0 nmM? 

ho ±nmm<Dxm^mm^t^M^cj:^xhmm 
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X%Zo 

[0 05 5 ] 114 (B) X\ ±SB+> ? 1 3± 

1 4 CDC u XteTSfl^ * y ^T«6 1 6 <D £ > £ ;i^t£ttJ 
$n-s^rx^^>^*tf 9 0 H4 (O t\ _hfE^* 

m'* j r xmum<Df&m*if T^^iiii 9 a, 

1 9B<bbt7^$t (A 1 2 0j) XBN i O, Kt£Jf 
18A, 18Bil/t--;W-ifi-7x7^, t 
LT&SSKteH 1 7 A, 1 7B£0TN i O^JH^X^ 

Onm, fi20nm, S30nmit^ CQt*L 

F8Mt lliltFeZr NJ5I£J&JlTft«±i$L 
fcH 3 CD»M^ 9 F 1 0 t 

[0 05 6 ] **Jt«rMR*-T- 1 5 WMWflMCCJ&SS 

[0 05 7 ] B5(Cl-5Sf, *»?B©®2^ft« 

[005 81^1 IWW<0*»^* F 1 0 <fcJfcttOT, 

2 f f 2 o cd«>< r x wmmtz 2 

2 7 Kiag-r zmn&vm&m 2 8 -e^fS £ nr 

[0 0 5 9 ] JS^ttH2 7 i It, m«««ttON 
«*«ai«tt<DN i Fe, C o F e*©?»tt#*JB<r>* 
[0060] *jB»«©««^ f F20 5 

*jB«ur ^*Jl*|ii«W«K:»L^ -t<D±cc«teJi 2 
8 A, 2 8 BR^cntcSltlKttt^WI" ^>S»Stt 
J12 7A, 2 7B*»WCl»4, L/^ot, B«JS"C 
«tti^SPfflijCC*5Cir*>MR3R : J L 2 5 <k EIDJl £ 
Ci^otlit^ ftJlJTXBUKlMZ 7 A, 2 7 
BM2 8 A, 2 8 Bt»35n/cSWW*©MR 
iT2 5ilt»^c LWoT ( #*»0»r4>M 
R^T2 5 ©M^ffl^Jftjfttt^rWO/c^^-YT^EPflO 

[0061] ^mmmom^ v f 2 0 b, m 1 sasw 

©88Sv^? Fl 0©»jt^SCCOlir7nl/fcH4 iP« 

ccwji-rsci^'c**, fib, ^mmmvitm^m 

rftftflWi, MR^2 5 
SVMRJRftfflOWtfNiFe (2)/C 
o F e B (i)/Cu (3)/CoFeB (2)/Pd 



(6) &H2 0 0 1 - 2 2 9 5 1 5 
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PtMn (20)/NiFe ( 2 ) 4T^e>IB^SBT 
J/cTMRI^ffll^R«NiFe (2)/P 
dPtMn (2 0) /Co ( 2 ) /A 1 i 0 3 (5) /C 
o (l)/NiFe (2) «:T*6«^»LfeWMI 
*fflWCi^*4. *»2*ttWr7nLfc«^-<T 

[0 0 6 2] fflSS3MPJ<Dx 9 f>«SMRff2 5<DS 
_hJf N i F e^m§n^>*r-f U>y*tf^o 
10 t<Oiks m^m 2 8 i LX N i F e k Sttttttll 2 7 i 
L/-C3»*tt©N i Ofc-tft^tltfJl 0 nm, 4 0nm£ 

[0 06 3 1 *12 **«<DBB«^ y F 2 0 tCi: 
fe, K3S»tt»2 7A* 2 7B<bgtl», K&B2 8 
A. 2 8 BiPbCOm^JTXmRliC&VURm^ 51*3 

* m ^ if > y A X3?©»««:fr < ^*6t/^*£$J 
*ttCCJpJJB"C*£. 2 MR3R-T-2 5©1B48®»I6 
j»tt©S*BB*feJ12 7 A. 2 7B4Wltl»8©r,.« 

20 -2nm<D&£.*mmLx\<>2>. £ot, ttm««»M 

[0 06 4]*iC, 0 6tt:*-3#. #»E<D»3W«0fl 

ffi^JTZEmmz—mx'&mo. mr^^ 

LTTMR3R^-*»«Lfc«r**. Bf3E<DBWk»** 

[0 06 51 *H3SSW|CD»»^ ^ F 3 0 ©UUSffl*^ 
•To BStAIfthtcN i F e*>6tt*T»S'-A'F» 
«3 23W2 /imOgWCCJUfiRr*. C(Di(Cilttt^ 

0 T»*ffi#?-*:*ta *^ ?r 7*SP*t 3 4 **»flt S 
ntt^, C<DTSB=¥ r +^^ r Sm3 4-CT»^^FW 
»3 2*J(EfflrSJ:5CCL/rfcJ:l^ 

[0 06 6] Tfi8*> ^ T/8BW3 4<D±tCMR* : F-i 1/ 
tTMR3 5*tt»*ri, TMRJB* 3 5l*r*>6 
@fi^14H 3 5-1, J6»H ( h »J TJB) 35 

40 -2, HlEKttB3 5 - 3 , S?SfiSttll3 5 - 4<DMX 
«»Shrc»*. «*tfl4»ttl35-liir3n 
mCDC oFeSKttCoFeB, X«2 nm<DN i F 
e/lnmCOCoFe (KUttCoF etcftit 1 nm 
(DCoFeB) ^Ml, h>*JW^J7H35-2i 
Ut2nmOA 1 , 0 3 *JKfiSb, @5e«14)13 5- 3 

1 L/t 2 n m©C o F eXttC o F e 5S£ 
KttJl 35-4il-C20n m(D PdPtMn U 

[0 06 7] 56(1, TMR3 BS^OWMUCRL, C 

so n*»tf<t^cc^-r r^en*n»3 7*J»w6ti4. c<d 
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^T*Epau»3 7 1 uxmm&&mm&mv$>z> 

XJ*)\,hX7 h (CoXFe,0«, XBCu, Z 

o) *fflU5t IB-eta^'*-/ T^OHJlIDiJftlWilft** 

X«£ UT£*ttiffS©««# (He), «A«5 0 0 
Oe (xJl/^^sr F) «±-Citt*©TTTMR3 5*^ 
©SE&fflt14«3 5 - l *+#fc»E»U«re**. 

[0068] *mmm<Dmm.temmm&sL^v f*>w 

■ 35-1 «c*^^rx«iJL*Enflnur*o*ifii«:-->6 > 
fijs^rtt*^"*-*. Hjsett»3 5 -3ttg* 

»!£■ 3 5-4 iOB-CSaMSAffiBK: J: 0 «£P 4 2 © 
-fifa (ttffiKiSiStc^rSi) fc— #iSjS#tt*ft-?"*"*. 

1 iifStt!3 5 - 3CD^{t^f^^ie^^-tf^>i^ 
(C, H3E»tt»3 5-3 B*faBBIIifc*fU't:ieS*r* 

[0 06 9 ] ±e>< -/ r xattn» 3 7 ©■»«!?? 

-fTXE|lS0»3 7±CC»A 1 2 O3 *£*»■* 

[0 07 0] ^/c H6«:5\StiSJ:Cc±»=P+ sr^as 
03 3 B3f a<D®tt«C ^* ^-^>^tltl^Ci^g 
$ L < . C C t?«p«JtC»JS3 ftri»*'W TXEP/IUB 
3 7(DHR5<bB5^L^S^<!:fe^>J:5«:^b/c B CCD 
±SB* * *;> r^SSt* 3 3 ±tc ±S^> - F»t# 3 1 il/c 30 
N i F e^3 /zm©B!ffrJ&iEl/fc. fcfc, ±»4 r + ? 
^aB*3 3 3&s±»^-il/ F»f3 1 SrSEfflT^ttKOT 

tern 1 ntfen t m c&ftz&m? sctms. 

[0 0 7 1 ] H7CC**|8©»4*Jfc«*^-r- 
*JBS^id5bfc*3^fflOK»«"C*4o 
*EPJM*Hit»*U MRi^iLtTMRm 
HWLfcja«B«Tft*3&«. TMRIgT-3 9©1SJfJg£ 
»3StlSW4«ilMiK:»JS6UT:c*S. "T&tofc, TMR 
3IHF- 3 9 «T* e>E5M»5tt» 3 9-1, S^^ttH 3 9 40 
-2, t&flM ( h>*^<yri) 3 9-3, gS^tt 
83 9-4itt-?-CC^4. C©<fc*Cffil«te^LfcTM 
R*^rfc±iB*3**Wira*OJ»**»4C4*sr 

[0 07 2] ±E»3 , »4 Wt«rtt-IWC«»#H 

9 FH©^-Fil^«ri6fflT*»«rj|*r**©r 

[0 0 7 3] ±32^3 , 4 SMfflCMB*^ * F 3 0 CC <fc 50 
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tltf. A TXtmm 3 7 ** "J - *«»©*4«:ffl*J u 

i?* enfln u r » a u c > vmicmm.fim l x i * s. o/c# 

**aW«K5Mflrc*S. <t-*T, fcfflWfcttMRJIH 1 
3 5, 3 9CC*tUTSffl^r°I (^EP4 3©#l»l> &C#)^ 

[0 0 7 4] fc*5 % ±ISSS3, »4iaSWr«TMR* 

HRWft s vMRjR^tcoc^rrattccHJgpjffir** c 

[0 0 7 5 ] ±a-Lte^m»l«aBB«#*60«# 
**j|£i?<i©Kfi^ * F £fi£3fc© -f ^S2<D»Jg 

F*0narr *i«ia»- F£ factor* 

[0 0 7 6 ] CCC, jm«T»Lfc««^* K*«« 
©Slit, 1 fiJSt^MRSffH 1 1 5 £rtt!X 

^ffliccwr^S'&MfiaM'^f F6 o -easaw^ttfwtf 

SCC^>^>x^-Y^7 i ©HfrisaBocHJtsnrc^. 
SSBE*^!? F6 OOflMBfeabB, ffi^cor^^^x-^ 
<hmMSeS8br ^ ^* * x- * 2 

[0077] ^*5, ^mtfamomm.^ ? F<D&&m^tc 

[0 07 8] *«WOH* L^WCCOl»rK?8% 

[0 0 7 9 ] 

[0 08 0] gfc, »3ios2iBtt©ftwcc<tna, js^s 
©S3* tc 0 r iBS s nr i ^ ©r^fejfe^ffl 



(8) 



13 



tore**. 

[0O81]*fe. ii*^3SV4IBSS©^WT«S9S 

[0 082] ttc ii^5feig©ffewcj:n^. ^ io 

[0 0 83] Sfc, fi3Klf6IBiSCDl6HJ(cJ:n(i, «fc0 

[oo84i*fc. ti3j<ii7geiscD^Hjtcj;n^, i m 

[0 0 8 5] Ifc. Sf*«8fa4S©^WtCj:ntf. 2»IH 
[0 0 86]Sfc; fS*S9I2tS©^BJtC«fcn«. 
[0087]Sfc. if*H 1 0IB«©IMBK:J:ti«. « 
[EB©fBMil&SBBj] 

[11] il ttmSMHMWKt*bHfc> St*©«««* 
t@ l ] 
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vmfmm&^y F©«gi*&*m-fiiJ"c*4. 
[S2] B2»^iBflMttffift>&Afc. fcfl& 

5. 

[H3I H3«. SB«K»«l*fl!J*'&jifc. * 1 *I6W 

[14] 14B, EI3«:7nL/c5B£t^? F 1 OZWlMt 

[HS1B5B. HgMeflMHtffllfe 6 J&fc . . * 2 SB* W 
©««^5» F<D«*«fiJE*^ , i'ia'C**. 

CH7] H7tt. «*8E»«flEflM*»6ate. *4*itW 

©ssm^f Foetsfltes^jn-ria-r**. 
smn^m<Dmm^tmx$> s. 

1 0 BSf^-;' F 

1 1 ±BB->- ;u FSW* 

1 2 T®is-)\> 

1 3 ±»¥* v?mt 

14 TSP*>^7'g|5W 

1 5 MRI^ 

17.18 7 xepwa 

1 7 S&SSttJi 

1 8 58ttH 

3 0 v F 

3 1 ±gp^-;u FgPW 

3 2 T»S/-^F»*t 

3 3 k3&*f*V?mt 

3 4 TSP*>-^'gW 

3 5 (TMRff) 

3 7 ^^VT^EPJn® 

[H2 ] 
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